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(54) IMAGING APPARATUS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a compact imaging apparatus having a high 
performance and high magnifying power zoom lens system. 

SOLUTION: The imaging apparatus is provided with a zoom lens system having a 
plurality of lens groups for continuously optically forming the optical image of an object 
so as to vary power by changing an interval between a plurality of the lens group and an 



imaging device for converting the optical image formed by the zoom lens system to 
electric signals. The zoom lens system is provided with a first lens group having 
negative power as a whole and having a reflection surface for bending a luminous flux 
for about 90° and a second lens group arranged with a changeable air interval from the 
first lens group and having positive power in the order from an object side. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 
[Claim 1] 

It is image pick-up equipment equipped with the image sensor which changes 
into an electrical signal the optical image which the zoom lens system which 
forms an objective optical image possible [ variable power ] optically 
continuously, and the zoom lens system formed by having two or more lens 
groups and changing spacing of this plurality lens between groups, 
Said zoom lens system is in the order from a body side, 

The 1st lens group including the reflector which has negative power as a whole 
and bends the flux of light 90 degrees of abbreviation, 

The 2nd lens group which separates air spacing which can change between said 
1st lens groups, is arranged, and has forward power, 



****** — the image pick-up equipment characterized by things. 
[Claim 2] 

Image pick-up equipment according to claim 1 characterized by the 1st lens 
group of said zoom lens system consisting of the 1st lens element which has 
negative power, and a reflector sequentially from a body side. 
[Claim 3] 

Image pick-up equipment according to claim 1 with which the 1st lens group of 
said zoom lens system is characterized by consisting of the 1st lens element 
which has negative power and a reflector, and a lens element of at least one 
sheet sequentially from a body side. 
[Claim 4] 

Image pick-up equipment according to claim 1 to 3 with which the 1st lens group 
of said zoom lens system is characterized by being fixed to the image surface on 
the occasion of variable power. 
[Claim 5] 

Claim 1 thru/or 4 image pick-up equipment with which said zoom lens system is 
characterized by satisfying the following conditions : 
2 < |f 1 / fw| < 4 



It corrects, 

f1 : The focal distance of the 1st lens group, 

fw: The focal distance in the wide angle edge of the whole system, 
It comes out. 
[Claim 6] 

Image pick-up equipment according to claim 1 to 5 most characterized by the 
field by the side of an image, and arranging [ of said zoom lens system ] the 
optical low pass filter between said image sensors. 
[Claim 7] 

The digital camera equipped with claim 1 thru/or one image pick-up equipment 
of 6. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] 

This invention The optical image formed on light-receiving sides, such as CCD 
(Charge Coupled Device charge-coupled device) and a CMOS sensor 
(Complementary Metal-oxide Semiconductor complementary metal oxide 
semiconductor sensor) It is related with image pick-up equipment equipped with 
the image sensor changed into an electrical signal. Especially, a digital camera; 
it is related with a personal computer, a mobile computer, a cellular phone, an 
information personal digital assistant (PDA:Personal Digital Assistance), etc. at 



the image pick-up equipment which is the main component of built-in or the 
camera by which external is carried out. It is related with small image pick-up 
equipment equipped with the zoom lens system especially in detail. 
[0002] 

[Description of the Prior Art] 

In recent years, image sensors, such as CCD and a CMOS sensor, are used 
instead of a silver halide film, an optical image is changed into an electrical 
signal, and the digital camera which digitizes, records or transmits the data is 
spreading quickly. In such a digital camera, in order to offer comparatively 
cheaply CCD which has high pixels, such as 2 million pixels and 3 million pixels, 
and a CMOS sensor recently, it is anxious for the compact image pick-up 
equipment with which the need over the highly efficient image pick-up equipment 
equipped with an image sensor is growing very much and which carried the 
zoom lens system in which variable power is possible, without getting down and 
degrading image quality especially. 
[0003] 

Furthermore, in recent years, by improvement in image-processing capacity, 
such as a semiconductor device, external is carried out and image pick-up 



equipment is accelerating the personal computer, the mobile computer, the 
cellular phone, the information personal digital assistant (PDA:Personal Digital 
Assistance), etc. at built-in or the need over highly efficient image pick-up 
equipment. 
[0004] 

Many zoom lens systems of the so-called negative lead in which the lens group 
arranged most at the body side has negative power as a zoom lens system used 
for such image pick-up equipment are proposed. Wide-angle-izing is easy for the 
zoom lens system of a negative lead, and it has the description of being easy to 
secure the lens back required for insertion of an optical low pass filter. 
[0005] 

As a zoom lens system of a negative lead, there is a zoom lens system 
proposed as a taking-lens system of the camera for silver halide films from the 
former. However, since the exit pupil location of the lens system in the shortest 
focal distance condition was comparatively located near the image surface, 
especially these zoom lens systems did not have consistency with the pupil of 
the micro lens prepared corresponding to each pixel of the image sensor which 
has especially a high pixel, but had the problem that the amount of ambient light 



could not fully secure. Moreover, since an exit pupil location was sharply 
changed at the time of variable power, the problem of being difficult also had a 
setup of the pupil of a micro lens. Moreover, primarily, with a silver halide film 
and an image sensor, since optical-character ability, such as spatial frequency 
characteristics called for, completely differed, sufficient optical-character ability 
required of an image sensor was not securable. For this reason, it will be 
necessary to develop the zoom lens system of the dedication optimized by 
image pick-up equipment equipped with the image sensor. 
[0006] 

On the other hand, since image pick-up equipment is miniaturized, the zoom 
lens system was bent in the middle of the optical path, and drawing or ****** has 
accomplished miniaturization, without changing the optical path length. For 
example, in the zoom lens system of a negative lead, after establishing a 
reflector on an optical path and bending 90 degrees of abbreviation, the image 
pick-up equipment which forms an optical image on an image sensor through a 
migration lens group is proposed by JP,1 1-196303A After the image pick-up 
equipment of this official report indication establishes a reflector in the image 
side of the fixed lens element of a negative meniscus configuration and bends 



an optical path 90 degrees of abbreviation in this reflector, it has the 
configuration which results in an image sensor through two movable positive 
lens groups and the positive lens group of immobilization. 
[0007] 

Moreover, as another example, after establishing a reflector in the fixed lens 
element [ of a negative meniscus configuration ], and image side of a movable 
positive lens group and bending an optical path 90 degrees of abbreviation in 
this reflector, the configuration which results in an image sensor through a 
positive lens group is indicated by JP,11-258678,A. 
[0008] 

[Problem(s) to be Solved by the Invention] 

However, in the two above-mentioned official reports, only the configuration of a 
camera cone was indicated but there was a problem that the configuration of a 
concrete zoom lens system was unknown. Unless the zoom lens system which 
occupies the biggest space in volume with image pick-up equipment equipped 
with the zoom lens system is optimized, it is difficult to attain the whole 
miniaturization. 
[0009] 



This invention aims at offering compact image pick-up equipment, it being highly 
efficient and having a high scale-factor zoom lens system in view of the above 
technical problem. 
[0010] 

[Means for Solving the Problem] 

In order to solve the above-mentioned technical problem, the image pick-up 
equipment concerning this invention The zoom lens system which forms an 
objective optical image possible [ variable power ] optically continuously by 
having two or more lens groups and changing spacing of this plurality lens 
between groups, It is image pick-up equipment equipped with the image sensor 
which changes into an electrical signal the optical image which the zoom lens 
system formed. Said zoom lens system In order, it has negative power as a 
whole from a body side, and air spacing which can change between the 1st lens 
group including the reflector which bends the flux of light 90 degrees of 
abbreviation, and said 1st lens group is separated, and it is arranged, and is 
characterized by including the 2nd lens group which has forward power. 
[0011] 

Moreover, another side face of this invention is characterized by being a digital 



camera containing the above-mentioned image pick-up equipment. In addition, 
conventionally, although the word of a digital camera had pointed out what 
records an optical still picture chiefly, the thing and the digital camcorder for 
home use which can treat an animation to coincidence are also proposed, and it 
is not distinguished especially now and is becoming. Therefore, the word of a 
digital camera shall contain hereafter all the cameras that use as a main 
component image pick-up equipment equipped with the image sensor which 
changes into an electrical signal the optical image formed on the light-receiving 
side of image sensors, such as a digital still camera and a digital movie. 
[0012] 

[Embodiment of the Invention] 

Hereafter, 1 operation gestalt of this invention is explained with reference to a 

drawing. 

[0013] 

as shown in drawing 9 , the image pick-up equipment which is 1 operation 
gestalt of this invention comes out sequentially from a body side (photographic 
subject side) with the image sensor SR which changes into an electric signal the 
optical image formed of the zoom lens system which forms an objective optical 



image possible [ variable power j, and TL, the optical low pass filter LPF and the 
zoom lens system TL, and is constituted. Moreover, the zoom lens system 
contains the 1st lens group Gr1 which has the prism PR which has a reflector 
inside, and the lens group which follows. Image pick-up equipment is the main 
component of built-in or the camera by which external is carried out at a digital 
camera; video camera; personal computer, a mobile computer, a cellular phone, 
an information personal digital assistant (PDA:Personal Digital Assistance), etc. 
[0014] 

The zoom lens system TL consists of two or more lens groups containing the 1st 
lens group Gr1, and it is possible by changing spacing between each lens group 
to change the magnitude of an optical image. The 1st lens group Gr1 has 
negative power, and has the prism PR which bends the optical axis of body light 
90 degrees of abbreviation inside. 
[0015] 

The optical low pass filter LPF has the specific cut-off frequency for canceling 
the color moire which adjusts the spatial frequency characteristics of a 
taking-lens system, and is generated with an image sensor. The optical low pass 
filter of an operation gestalt is a birefringence mold low pass filter created by 



carrying out the laminating of the wavelength plate to which birefringence 
ingredients and plane of polarization, such as Xtal adjusted in the predetermined 
direction in the crystallographic axis, are changed. In addition, the phase mold 
low pass filter which attains the property of required optical cut-off frequency 
according to the diffraction effect as an optical low pass filter may be adopted. 
[0016] 

An image sensor SR consists of CCD which has two or more pixels, and 
changes into an electrical signal the optical image which the zoom lens system 
formed by CCD. Predetermined digital image processing, picture compression 
processing, etc. are performed to the signal generated with the image sensor SR 
if needed, it is recorded on memory (semiconductor memory, optical disk, etc.) 
as a digital video signal, a cable is minded depending on the case, or it is 
changed into an infrared signal, and is transmitted to other devices. In addition, a 
CMOS sensor (Complementary Metal-oxide Semiconductor) may be used 
instead of CCD. 
[0017] 

Drawing 1 thru/or drawing 4 are the block diagrams showing lens arrangement in 
the shortest focal distance condition of the zoom lens system contained in the 



image pick-up equipment of the 1st thru/or the 4th operation gestalt of this 
invention. In addition, in each drawing, the prism PR which has an internal 
reflection side is expressed with an parallel plate, and the optical path is 
expressed linearly. 
[0018] 

Monotonous PR by which the zoom lens system of the 1st operation gestalt is 
equivalent to the 1st lens element L1 which is from the negative meniscus lens 
to which the convex was turned on a body side, and prism in order from a body 
side to an image side, the 2nd lens element L2 of a negative meniscus 
configuration which turned the convex to the body side, and the 3rd lens element 
L3 of a forward meniscus configuration which turned the convex to the body side 
- since — with the 1st lens group Gr1 constituted The 2nd lens group Gr2 which 
consists of 1st cemented lens components DL 1 which come to join drawing ST, 
and the 4th lens element L4 of both the convex configuration and the 5th lens 
element L5 of both the concave configuration, the 4th lens group Gr4 which 
consists of 6th lens element L6 of a negative meniscus configuration which 
turned the concave surface to the body side, and the 7th lens group Gr5 which 
consists of the 7th lens element L7 of a negative meniscus configuration which 



turned the concave surface to the body side — since — it is constituted. 
Furthermore, parallel monotonous LPF equivalent to an optical low pass filter is 
arranged at the image side of the 4th lens group Gr4 of this zoom lens system. 
[0019] 

Zooming from the shortest focal distance condition to the longest focal distance 
condition is faced this zoom lens system. As the 1st lens group Gr1 moves to a 
body side once moving to an image side, the locus of the letter of U-turn of a 
convex is drawn, and it moves to an image side. The 2nd lens group Gr2 United 
with the diaphragm ST arranged at the body side of the 2nd lens group Gr2, it 
moves to a body side almost in monotone, and the 3rd lens group Gr3 moves to 
an image side almost in monotone, and the 4th lens group Gr4 is being fixed to 
the image surface with parallel monotonous LPF. 
[0020] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 2nd lens element L2, the image side face of 
the 5th lens L5, and the body side face of 6th lens element L6. 
[0021] 

The 1st lens group Gr1 by which the zoom lens system of the 2nd operation 



gestalt is constituted from monotonous PR by which it is equivalent to the 1st 
lens element L1 of both the concave configuration, and prism in order from a 
body side to an image side, The 2nd lens element L2 of a forward meniscus 
configuration which turned the convex to the body side, and the 3rd lens element 
L3 of a negative meniscus configuration which turned the convex to the body 
side, It extracts, since » it has been arranged between the 2nd lens group Gr2 
constituted, and this 2nd lens element L2 and the 3rd lens element L3 with ST 
the 3rd lens group Gr3 which consists of the 4th lens element L4 of both the 
convex configuration, the 5th lens element L5 of a negative meniscus 
configuration which turned the convex to the body side, and the 4th lens group 
Gr4 which consists of 6th lens element L6 of both the convex configuration - 
since — it is constituted. Furthermore, parallel monotonous LPF equivalent to an 
optical low pass filter is arranged at the image side of the 4th lens group Gr4 of 
this zoom lens system. 
[0022] 

On the occasion of zooming from the shortest focal distance condition to the 
longest focal distance condition, the 1st lens group Gr1 is fixed to the image 
surface, this zoom lens system is moved to a body side almost in monotone [ the 



2nd lens group Gr2 ], the 3rd lens group Gr3 moves to a body side almost in 
monotone united with Diaphragm ST, and the 4th lens group Gr4 is being fixed 
to the image surface with parallel monotonous LPF. 
[0023] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 1 st lens element L1 , the body side face of the 
2nd lens element L2 and both sides of the 3rd lens L3, and the image side face 
of 6th lens element L6. 
[0024] 

The 1st lens group Gr1 by which the zoom lens system of the 3rd operation 
gestalt is constituted from monotonous PR by which it is equivalent to the 1st 
lens element L1 of both the concave configuration, and prism in order from a 
body side to an image side, The 2nd lens element L2 of a forward meniscus 
configuration which turned the convex to the body side, and the 3rd lens element 
L3 of a negative meniscus configuration which turned the convex to the body 
side, It extracts, since « it has been arranged between the 2nd lens group Gr2 
constituted, and this 2nd lens element L2 and the 3rd lens element L3 - with ST 
the 3rd lens group Gr3 which consists of the 4th lens element L4 of both the 



convex configuration, the 5th lens element L5 of a negative meniscus 
configuration which turned the concave surface to the body side, and the 4th 
lens group Gr4 which consists of 6th lens element L6 of both the convex 
configuration — since — it is constituted. Furthermore, parallel monotonous LPF 
equivalent to an optical low pass filter is arranged at the image side of the 4th 
lens group Gr4 of this zoom lens system. 
[0025] 

On the occasion of zooming from the shortest focal distance condition to the 
longest focal distance condition, the 1st lens group Gr1 is fixed for this zoom 
lens system to the image surface. The 2nd lens group Gr2 It extracts drawing the 
locus of a convex on a body side, and moves to a body side united with ST, and 
the 3rd lens group Gr3 moves to a body side almost in monotone, the 4th lens 
group Gr4 moves to an image side almost in monotone, and parallel 
monotonous LPF is being fixed to the image surface. 
[0026] 

Zooming from the shortest focal distance condition to the longest focal distance 
condition is faced this zoom lens system. As the 1st lens group Gr1 moves to a 
body side once moving to an image side, the locus of the letter of U-turn of a 



convex is drawn, and it moves to an image side. The 2nd lens group Gr2 United 
with the diaphragm ST arranged at the body side of the 2nd lens group Gr2, it 
moves to a body side almost in monotone, and the 3rd lens group Gr3 moves to 
an image side almost in monotone, and the 4th lens group Gr4 is being fixed to 
the image surface with parallel monotonous LPF. 
[0027] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 1st lens element L1 , the body side face of the 
2nd lens element L2 and both sides of the 3rd lens L3, and the image side face 
of 6th lens element L6. 
[0028] 

The 1st lens group Gr1 by which the zoom lens system of the 4th operation 
gestalt is constituted from monotonous PR by which it is equivalent to the 1st 
lens element L1 of both the concave configuration, and prism in order from a 
body side to an image side, The 2nd lens group Gr2 which consists of the 2nd 
lens element L2 of a forward meniscus configuration which turned the convex to 
the body side, Drawing ST and the 3rd lens group Gr3 which consists of the 3rd 
lens element L3 of a negative meniscus configuration which turned the convex to 



the body side, the 5th lens group Gr5 which consists of a 4th lens group Gr4 
which consists of the 4th lens element L4 of both the convex configuration, the 
5th lens element L5 of a negative meniscus configuration which turned the 
convex to the body side, and 6th lens element L6 of a forward meniscus 
configuration which turned the convex to the body side - since - it is constituted. 
Furthermore, parallel monotonous LPF equivalent to an optical low pass filter is 
arranged at the image side of the 5th lens group Gr5 of this zoom lens system. 
[0029] 

On the occasion of zooming from the shortest focal distance condition to the 
longest focal distance condition, the 1st lens group Gr1 is fixed for this zoom 
lens system to the image surface. The 2nd lens group Gr2 It extracts drawing the 
locus of a convex on a body side, and moves to a body side united with ST, and 
the 3rd lens group Gr3 moves to a body side almost in monotone, the 4th lens 
group Gr4 moves to a body side almost in monotone, and the 5th lens group Gr5 
is being fixed to the image surface with parallel monotonous LPF. 
[0030] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 1st lens element L1, the body side face of the 



2nd lens element L2 and both sides of the 3rd lens L3, and the image side face 

of 6th lens element L6. 

[0031] 

The zoom lens system of each operation gestalt is equipped with Rhythm PR so 
that it may have the reflector which bends the optical axis of body light 90 
degrees of abbreviation in the interior of the 1st group. Thus, it becomes 
possible by bending the optical axis of body light 90 degrees of abbreviation to 
attain thin shape-ization on the appearance of image pick-up equipment. 
[0032] 

When a digital camera is considered for an example, image pick-up equipment 
including a zoom lens system occupies the biggest volume in equipment, the 
zoom lens system by which the magnitude of the thickness direction of a camera 
is especially contained in image pick-up equipment like a film camera 
conventional with a digital camera lens shutter type when optical elements 
contained in a zoom lens system, such as a lens and a diaphragm, are arranged 
linearly, without changing the direction of an optical axis — it is most determined 
as a matter of fact in the magnitude from the configuration by the side of a body 
to an image sensor. However, the aberration amendment level of image pick-up 



equipment is also improving by leaps and bounds with a raise in a pixel to an 
image sensor in recent years. For this reason, the thing to which the number of 
sheets of the lens element of the zoom lens system contained in image pick-up 
equipment is also increasing steadily and for which a thin shape is attained also 
in the time (the so-called collapsed state) of un-using it for the thickness of a lens 
element is difficult. 
[0033] 

On the other hand, since it becomes possible to make [ by adopting the 
configuration which bends the optical axis of body light 90 degrees of 
abbreviation according to a reflector like the zoom lens system of each operation 
gestalt ] small most magnitude of the thickness direction of image pick-up 
equipment to the magnitude from the lens by the side of a body to a reflector at 
the time of un-using it, it becomes possible to attain thin shape-ization on the 
appearance of image pick-up equipment. Moreover, since the optical path of 
body light can be piled up near the reflector by adopting the configuration which 
bends the optical axis of body light 90 degrees of abbreviation according to a 
reflector, space can be used effectively and the further miniaturization of image 
pick-up equipment can be attained. 



and ******** may be used for a reflector, its (a) internal reflection prism is the 
optimal. In order that body light may pass through the inside of the medium of 
prism by adopting internal reflection prism, the spacing at the time of penetrating 
prism turns into a short conversion spacing from spacing more nearly physical 
than the usual air spacing according to the refractive index of a medium. For this 
reason, when internal reflection prism is adopted as a configuration of a reflector, 
an equivalent configuration can be attained in a compacter tooth space, and it is 
optically desirable. 
[0037] 

When it constitutes a reflector from internal reflection prism, as for the quality of 

the material of prism, it is desirable to satisfy the following conditions. 

[0038] 

Np>=1.55 .... (1) 
It corrects, 

Np is the refractive index of the quality of the material of prism, 

It comes out. 

[0039] 

If the refractive index of prism turns around the above-mentioned range the 



[0034] 

As for the location of a reflector, it is desirable that it is the 1st lens group Gr1 
interior. By arranging to the 1st lens group Gr1 interior arranged most at the 
body side, it becomes possible to make magnitude of the thickness direction of 
image pick-up equipment into min. 
[0035] 

As for the 1st lens group Gr1 in which a reflector is included, it is desirable to 
have negative power. When the 1st lens group Gr1 has negative power, it 
becomes possible to make magnitude of the reflector in a reflector location small. 
Moreover, a zoom lens system becomes the so-called negative lead type by 
adopting the configuration whose 1st lens group Gr1 has negative power. As for 
a negative lead type zoom lens system, in a large focal distance field, it becomes 
easy and is desirable to attain image side tele cent rucksack nature required for 
the optical system for being easy to take a retro focus type configuration, and 
forming an optical image in an image sensor. 
[0036] 

Although (a) internal reflection prism (operation gestalt), (b) surface reflecting 
prism, (C) internal reflection monotonous mirror, a (d) surface reflective mirror, 



bottom, the contribution to miniaturization becomes small and is not desirable. 
[0040] 

Furthermore, it is desirable that it is in the following range in addition to the 

above-mentioned range. 

[0041] 

Np>=1.7 .... (1)' 

Moreover, a reflector may not be a perfect total reflection side. Some reflection 
factors are suitably adjusted among reflectors, it is made to branch and 
incidence of a part of body light may be carried out to the sensor for a 
photometry or ranging. Furthermore, the reflection factor of the whole reflector 
surface may be adjusted suitably, and finder light may be branched. 
Furthermore, with each operation gestalt, although each of plane of incidence of 
prism and outgoing radiation sides is flat surfaces, you may be a field with power. 
[0042] 

As for a body side, it is more desirable than a reflector to consist of lens 
elements of two or less sheets. Since the substantial thickness of optical system 
will be determined by the structure of having Rhythm PR, at spacing from the 
body side face of the lens arranged most at the body side to a reflector so that it 



may have the reflector which bends the optical axis of body light 90 degrees of 
abbreviation in the interior of the 1st group, it becomes possible from a reflector 
to acquire thin optical system by constituting the configuration by the side of a 
body from a lens element of two or less sheets. When the 1st lens group Gr1 is 
especially constituted only from a lens element of one sheet, and a reflector, the 
degree of freedom of a camera cone configuration can be made to increase, and 
low cost-ization of image pick-up equipment can be attained. Moreover, when 
the 1st lens group Gr1 is constituted only from a lens element of two sheets, and 
a reflector, amendment of relative eccentric aberration is attained and it is 
advantageous on optical-character ability. 
[0043] 

Furthermore, as for the 1st lens group Gr1, it is desirable at the time of variable 
power that it is immobilization to the image surface. While needing a big tooth 
space when it is made to move since the reflector is included in the 1st lens 
group Gr1, when the reflector is especially constituted from prism, prism with big 
weight must be moved, a drive will be forced a big burden, and it is not desirable. 
Moreover, by making the 1st lens group Gr1 immobilization to the image surface 
at the time of variable power, the optical system which does not carry out 



overall-length change can be acquired, and it is desirable. Moreover, a camera 
cone configuration can also be simplified and it becomes possible to attain low 
cost-ization of the whole image pick-up equipment. Furthermore, since 
initialization of the control system for control of a migration group becomes easy 
especially in a digital camera at the time of a zoom by adopting the configuration 
which fixes the 1st lens group Gr1 at the time of zooming, it becomes [ to shorten 
time amount required by the condition which can be photoed ] possible from the 
time of a main power supply ON and is desirable. 
[0044] 

The configuration which also makes negative power the 2nd lens group Gr2 
following the 1st lens group Gr1 which has negative power is used for the zoom 
lens system of each operation gestalt. It is easy to adopt the configuration which 
makes the above-mentioned 1st lens group immobilization by this configuration 
and is desirable. 
[0045] 

As for the zoom lens system of each operation gestalt, it is desirable to satisfy 

the following conditions. 

[0046] 



2 < |f 1 / fw| < 4 (2) 
It corrects, 

f1 : The focal distance of the 1st lens group, 

fw: The focal distance in the wide angle edge of the whole system, 

It comes out. 

[0047] 

Conditional expression (2) has specified the desirable focal distance of the 1st 
lens group Gr1 . If the upper limit of conditional expression (2) is exceeded, since 
the focal distance of the 1st lens group Gr1 will become large too much, an 
overall length or distance from a reflector to an image sensor cannot be made 
small as a result, and it is not desirable. Since the negative power of the 1st lens 
group Gr1 becomes weak too much, the lens outer diameter which constitutes 
the 1st lens group Gr1 becomes large, and it becomes impossible moreover, to 
attain a compact zoom lens system. Conversely, if the minimum of conditional 
expression (2) is exceeded, since the focal distance of the 1st lens group Gr1 
will become short too much, the negative distortion generated by the 1st lens 
group Gr1 in a wide angle edge becomes large too much, and it becomes 
difficult to perform the amendment. 



[0048] 

Although each lens group which constitutes each operation gestalt consists of 
only refraction mold lenses (that is, lens of the type with which a deviation is 
performed by the interface of the media which have a different refractive index) 
which deflect an incident ray by refraction, it is not restricted to this. For example, 
each lens group may consist of a diffraction mold lens which deflects an incident 
ray by diffraction, a refraction / diffraction hybrid mold lens which deflects an 
incident ray with the combination of a diffraction operation and a refraction 
operation, a refractive-index distribution lens which deflects an incident ray 
according to the refractive-index distribution in a medium. 
[0049] 
[Example] 

Construction data, an aberration Fig., etc. are mentioned and the configuration 
of the zoom lens system hereafter contained in the image pick-up equipment 
which carried out this invention etc. is explained still more concretely. The lens 
block diagram ( drawing 1 thru/or 4) which the example 1 explained as an 
example here thru/or 4 support the 1st thru/or 4th operation gestalt mentioned 
above, respectively, and expresses the 1st thru/or 4th operation gestalt shows a 



corresponding example 1 thru/or the corresponding lens configuration of 4, 

respectively. 

[0050] 

In the construction data of each example, ri (i = 1, 2, 3 ....) is counted from a 
body side. The radius of curvature of the i-th field (mm), Count di (i = 1 , 2, 3 ....) 
from a body side, and the i-th axial top-face spacing (mm) is shown, nickel (i = 1 , 
2, 3 ....) and nui (i = 1, 2, 3 ....) are counted from a body side, and show the 
refractive index (Nd) and the Abbe number (nud) to d line of the i-th optical 
element. Moreover, axial top-face spacing which changes in zooming shows the 
value of the variable spacing in the shortest focal distance condition (wide angle 
edge, W) - middle focal distance condition (middle, M) - longest focal distance 
condition (a tele edge, T) among construction data. The focal distance (f, mm) 
and the f number (FNO) of the whole system corresponding to each focal 
distance condition (W), (M), and (T) are combined with other data, and are 
shown. 
[0051] 

It shall be shown that the field where * was given to radius of curvature ri is a 
field which consisted of the aspheric surfaces, and it shall define as the formula 



(AS) of the following showing the field configuration of the aspheric surface. The 
aspheric surface data of each example are combined with other data, and are 
shown. 
[0052] 



rl3 = 8.858 

dl3 

rl4 = 6.329 

dl4 

rl5* = 16. 784 

dl5 

rl6 = oo 

dl6 

rl7 = oo 
rl* 

£ = 0.10000E+01 
A4 = 0.31440E-03 
A6 = 0.40741E-05 
A8 = -0.13254E-06 
A10= 0.88372E-09 

r2* 

e = 0.10000E+01 
A4 = -0.14549E-03 
A6 = 0.90366E-05 
A8 = 0.23593E-06 
A10= -0.68590E-08 

r8* 

e = 0.10000E+01 

A4 = 0.60518E-03 

A6 = 0.22274E-04 



0.100 

2.301 N7 = 1.48749 v7 = 70.44 
0.996 

2.000 N8 = 1.51680 v2 = 64.20 



Drawing 5 thru/or drawing 8 are the aberration Figs, of an example 1 - an 
example 4, and expresses the aberration in the infinite distance focus condition 
of the zoom lens system of each example, among drawing 5 thru/or drawing 8 , 
the shortest focal distance condition and (M) can be set in the middle focal 



distance condition, and (W) can set (T) in the longest focal distance condition — 
many — astigmatism and distortion aberration, such as spherical aberration, and 
Y' (mm) show maximum image quantity (considerable from optical axis to 
distance)} on an image sensor sequentially from the aberration {left. In the 
spherical-aberration Fig., spherical aberration [ as opposed to d line in a 
continuous line (d) ], spherical aberration [ as opposed to g line in an alternate 
long and short dash line (g) ], spherical aberration [ as opposed to c line in a 
two-dot chain line (c) ], and a broken line (SC) express sine condition. In the 
astigmatism Fig., a broken line (DM) expresses the astigmatism in a meridional 
side, and the continuous line (DS) expresses the astigmatism in a sagittal side. 
Moreover, in the distortion aberration Fig., the continuous line expresses 
distortion % to d line. 
[0053] 

[Effect of the Invention] 

Compact image pick-up equipment can be offered it being highly efficient and 
having a high scale-factor zoom lens system according to the zoom lens system 
of each operation gestalt, as explained above. 
[Brief Description of the Drawings] 



[Drawing 1] The lens block diagram of the 1st operation gestalt (example 1). • 
[Drawing 2] The lens block diagram of the 2nd operation gestalt (example 2). 
[Drawing 3] The lens block diagram of the 3rd operation gestalt (example 3). 
[Drawing 4] The lens block diagram of the 4th operation gestalt (example 4). 
[Drawing 5] The aberration Fig. in the infinite distance focus condition of an 
example 1 . 

[Drawing 6] The aberration Fig. in the infinite distance focus condition of an 
example 2. 

[Drawing 7] The aberration Fig. in the infinite distance focus condition of an 
example 3. 

[Drawing 8] The aberration Fig. in the infinite distance focus condition of an 
example 4. 

[Drawing 9] The block diagram showing the outline of this invention. 
[Description of Notations] 

LPF: The plane-parallel plate equivalent to an optical low pass filter 
SR: Image sensor 
TL: Zoom lens system 
Gr1: The 1st lens group Gr1 



Gr2: The 2nd lens group Gr2 
PR: Internal reflection prism 
ST: Diaphragm 
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[Drawing 5] The aberration Fig. in the infinite distance focus condition of an 
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[Drawing 6] The aberration Fig. in the infinite distance focus condition of an 
example 2. 

[Drawing 7] The aberration Fig. in the infinite distance focus condition of an 
example 3. 

[Drawing 8] The aberration Fig. in the infinite distance focus condition of an 
example 4. 

[Drawing 9] The block diagram showing the outline of this invention. 
[Description of Notations] 

LPF: The plane-parallel plate equivalent to an optical low pass filter 
SR: Image sensor 
TL: Zoom lens system 
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Gr2: The 2nd lens group Gr2 
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ft ft fflfl 'N ^ ft L x 14 1/^XSfG r 4 « H: H: # Si fC ft ffilj |£ ffi) L , f 5 1/>XHG r 5 
t±¥lf¥«L P Fi:i:ttiiB£^LTiSJntv^o 30 
[ 0 0 3 0 ] 

v y xm?<om<D o t> , ^i i/>xi? l i ©ist, ^2i^>x'^?L2<7)ft{*{nijiiB, 

[ 0 0 3 1 ] 

#^S6fK880X-AU^XlSax m 1 %{ ft ffi ic Vd fa K <D KWi Z ffi 9 0 ° BrOffitfSRtJffii 
'JXAP R^I^t^S. C © cfc ? &C , ft{*7t©7^fS^BS9 0 o ffi 0 fiHf § c 

fctcj; t> , »«»Hom^^±©»s{t*3aja-r«c t # rj «g ^ & § 0 

[ 0 0 3 2 ] 

t 2 ' s> * ;l> # ^ 5 * m tc # * tc m , Si*Tit,^f4fti%fitt50(i, X — 1± Is y 40 
X^^^feftliSItfe^o # tc , f->"^;l/*^7t^*©uyX->t7^-^^Xo 
7-f/HA^7©,):5lc, 7tfft©Xf|p)?:^S-r^^ £ % < X - Al/yX^t-tSnS U > 
X-^ifcO^Oft^gfcfciSttWteE^JLfclS-a-, ^^^<D/P^7?[Rl©^#^(i, H <ts =g ffi 

tc -g- £ n s x- a b > xm cd « t ft iay cd « ^ ^ & si m m $ t <d ^ ^ ^ t m m ± m ^ $ 

MM W L'T 1/^5 o £<Dfcit>, ffl«»|lL$Sn5X-i.UyX5SOl/>X«?Oft 

[ 0 0 3 3 ] 

c n t *f L , *HSfi?eJS©X — AUVX^o^^tcSWHfc^Oft^TtcOTtW^rBSgo 0 50 
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ft $fll £ B& 9 0 ° ffit)ft»f5ffliS4Sfflf 5Cfclc«tt), £Jft®3fifgT-«:$!&ft©ftS§%ffi 

fe^to-&*cfc^t?#5fe4i>, s h * w t m m t % a t w t t , m m m w <r> $ & * s * 

[ 0 0 3 4 ] 

£ St H5 <D ti H & , IS 1 l/^XSGr 1 rtl?T*J5i:ttfSSL^ 0 fflt^^fflflJcjES^n 
[ 0 0 3 5 ] 

SMtftfnS^l U > X ffif G r lti, t<D^7-*tt§ il tfflS L^ 0 |fg 1 U > 

C t Rl m K & § „ tfc, Si r 1 ^ftO/?7-%f t5i)S*8fflt« C i: 

tc <fc D , X-AbyXl^iH^b^Sv^tX'J- K * X £ 3 0 Y^t^iJ-FH7" 
OX-AUyX^a, j£ v; « * S§ « fig m lc *5 ^ T , UhD7*-ii^^7'OM^tD 

[ 0 0 3 6 ] 

£ tit S ti , (a)rtgPSWX'JXA(^SIi^^), (b) glS»7"'JXA, ( C ) gp 
SltTS^-^ (d) affiSSt^^ — , O^fnSSffiLTUi^, (a) 1*3 gfl £ St 
X U XAA'llT'felio rtSSi/VXA^SfflfSCiitJ;!), 7"'J XA©I 

«j«i:UTF , 3ai5s*fxyxi»,*sfflL/'c«^, ifwtii*s«%, i^y^n* 

[ 0 0 3 7 ] 
[ 0 0 3 8 ] 

Np^l. 5 5 • • • • (1) 
tz fzL. 

N p tt/'JXA©tl©I}f|S, 
[ 0 0 3 9 ] 

[ 0 0 4 0 ] 

* 5> tc, ± 12 IE H iz m x. T &L T <D m ffl lc 5 c i: & W S L v 0 

[ 0 0 4 1 ] 

Np^l. 7 • • • • (1)* 

£ , SltH^ re^^tSlfffiT%< TtJ;i/\ £ St ® <9 ? ^ — ffifttDfcMm&MMffl 
fiLT — «5£>tof*tt*#«-rs«k3teL, $Jft^IiJ^ffl lc A St £ -t* T J; $ 

^ SS J£ S T? « s X'JXA©Alfai:mMtt^fntfIt-J.5i!)^ "7 - £ ft O S T 
[ 0 0 4 2 ] 

£ ftt B5 <k D , »ftla2fettT<OU>'Xl?t'lfi!(^nT^5i: t^lS 1 ?!¥ 1*3 

«fcWf*fflflfCiBll*nfeU>XO%i*:(iffi^6SI«fffl$-p©liBIB-e, ft ¥ <D H M W 4 IP 
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3 c i: tc J: 9 , »SI©^^^*1f*ci:^Rlgglc*s 0 #tc , aiuyXSCr l * l " 

»ft»«©ffiaxMt*iSj*"r*ci:#«T?**. S fc , £ l uyXfifG r l * 2 1fc <D U > 
■X*f i:SSffiO*-pi(SLft«^, ffl # ift & M i& M © M IE ^ t£ £ & 9 ft ^ 14 6£ ± W 
f!l T & S o 
[ 0 0 4 3 ] 

2 ?> tc , Hg|till/>XSfGr 1 ti , iI£^LTI£T'*5Ct^l$Lt\ ^1 
Ul/XmG r 1 tc (4 S & ffi # # $ ti X l> S fc 46 „ »»rS-£Sfc;*:f?JS:X'*-X;fc&gfc'r 
Sfcfcfcte, #tc, Sil^yuXATi^LTv^g^, iiO*t4/'JXA%^SJ 10 

s-e-ftttnt* mmmffiic±i*%:m.m*%i^zz tiz* \,>o zrc. m 

1 U y X m G r 1 ^^e^ttffltJtbTl^ttSilitJ:!), £S£<tLft^tt3S36 

suscttf^tjfH^. s fc , atJB*j58*>w*{b"rsi:fc^'t?# v a ft & m £ <* © <g 

3X Fft^ISt^c £ ?> tc , ^1 U>XSIG r l%X-5>^H#tC@ 

St^ii^jffflt^c t(c4 0, #icf->"^;v*^7tJ5^T, X— A«f»»»03> 

h P - tV CO ft 46 CD mm%k <D 4 ~ =/ * 5 X fffi ¥ tc * 5 ft 46 , ^'€i^ONBt^t,^^Rl^ 

#IB$Ttc&gftii#|lfl*&«r5Cfc#^fcBfc&9Si:L^o 
[ 0 0 4 4 ] 

I©X-Al/>X^ti, &0/<7-*lt5jBl U^XSGr 1 tC ^ < , S 2 1/ 
> XS G r 2 fe ft cort 7 - fc t§|Ji%SILT^5. <: Ol)SC J: !) , ± 12 © S 1 U > 20 

[ 0 0 4 5 ] 
[ 0 0 4 6 ] 

2 < I f 1 / f w I < 4 (2) 
ft ft* L % 

f 1 : m 1 U > X i¥ © B j& Eg pff£ , 

[ 0 0 4 7 ] 30 

(2) ti , Si 1/>XSG r 10iSL^l^g«t*IfLTl^„ *fl=5£ (2) 
©±ffi*iBa.3i:, ill/yXSGr 1 OljSSiA^t < ft t) t?50f, IS Mk t L T 
^S*«^ttSI*ffi^5ffl«jR?S-X?0|g|t*/h$ < "T * C t^T'f f IS L < 4 ^ „ £ 
ft , Si U > X 8¥ G r l(Dt0^7-^S<;5:!)tf§«t^i 1/VXSG r 1 * #f fig iT 

5l/>XrtiS«^t<4!5 3y^^h4X-iUyX^4a)«t«CJ:a«7t4<4«. 
ifi tc & fl= j£ (2) ©TH^iS^^i:, Si U > X 8¥ G r lO&j&HgBttfJg^O-rif*© 
T , EftfilCfe^TSl U^XHIfG r lT*fg±-TSftOMft^^:#<3S:t»-r^, ^ <D *f IE 

* fr 5 c t & m m ic & § 0 

[ 0 0 4 8 ] 

#^KSffi*«)SLT^5#U>XStt, A**tt«fcfflSflC«fc9filR]£-&SJB#fS!!U>X 40 

TiSintiv?*', cmci^nft^o go *. if , m #f k * 0 a St it m * <i ft s -a- 5 in #r 
misy x, ® ft it m t m t co m-s t> ic £ k> xmytrnzmfaz % ism • nuff / w 

X'J-v KSUVX, Altt«»*^HrtOJB«f*»^K:«t0<Bl«g*-B:Sjafffa|B»^U^X^ 
[ 0 0 4 9 ] 

i mm mi 

W T , *%a^^r^SSLfc}S«gStc^-$n§X-Al^>X^cD^^^^, n>xh^^-> 

a fiw 1 71 m 4 14 , Hj^Lfts 1 7S1S4 onjsjgffitf n^iSLT^os 1 711S4 50 
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a T u>x«jsh (h i 7iS4) tt. ttfc-r zmmm 1 nm. 4 <d v yxi« 

[ 0 0 5 0 ] 

*^SSfl»J©3>^h5^>'3>7*— *IC^3 1^T, ri (i = 1, 2, 3. . . . ) 
iiftttlfrSiKt i #@©fficOif *g (mm) , d i (i = 1,2,3... 
. )««9f*«J*^»ATl»B<DlHl±®|i8IH(mm)*^LTfeO,Ni (i = 1 
. 2, 3. . . . ). vi (i = 1, 2, 3. . . . ) ttftftftib^ailT i #@© 
^^SSROdHttcWrsSSf* (Nd) , 7<y^m (vd) %SLTi>S. S fc , n > X 
h^^a^x-**, X-5>^lc*V^TS<t'rsilll±BpHIPH«, ( 
£fc'«Ss w) ~>fKM^8gfSt^S8 (5K;l/, M) ~«fij££mK#S8 (Mil SSL T) t? © 
BT£HIH<£>ffi*^fo § ft j£ E ft « ffi (W) , (M) , (T) £J*J&"r*£*©fti&HI* 

(f, mm) RXSF-f^^- (FNO) *iOf-* ii^Tit. 

[ 0 0 5 1 ] 

ft $ ^ |I r i IC * ft * ft ® > ^^It'ilSJnftlT'^SCt^gL, IP ^ as O iS 
««%*f«"Foa (AS) TSISnstiOttS. ^ftSStfllO^^S-r-^^ftSOf 1 ' 

[ 0 0 5 2 ] 
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Z(li)=r-(r' 2- £ ♦h 4 2)* l/2+(A4-H 4 4+A6*H 4 6+A8-H 4 8+-) (AS) 

r : ^mmomm&m^m. 
Ai : #mm<»ix<Dmmm&. 

l = 5.1 - 8.9 - 14.7 
Fao. = 2. 24 - 2. 98 - 4. 10 

imm*&] uHLtmrnm mrnmmn [Ty^mv&n 

rl* = 17.487 
r2 = 10.704 
r3 = oo 
r4 = oo 

r5*= 213.855 
r6*= 5.360 
r7 = 9.257 
r8 = 23.872 
r9 = oo 



10 



20 



dl = 1.000 Nl = 1.733922 vl = 29.35 
d2 = 3.877 

d3 =12. 400 N2 = 1. 84666 v 2 = 23. 82 
d4 = 1.500 

d5 = 1.000 N3 = 1.61203 v3 = 52.33 

d6 = 1.317 30 

d7 = 1.649 N4 = 1.84666 v4 = 23.82 
d8 = 12. 037 - 4. 771 - 1. 000 



d9 = 0.600 

rl0= 6.464 io 
dl0= 6.219 N5 = 1.75450 1/5 = 51.57 



rll=-7.306 
rl2*= 33.980 
rl3*= -17. 735 
rl4= -5.800 
rl5= -10.504 
rl6= -32.714 
rl7= oo 
rl8= oo 

r5* 

e = 0. 10000000E+01 
A4 = -0. 17088362E-03 
A6 = -0. 59468528E-06 
A8 = 0. 17670065E-06 
A10= -0. 21232398E-09 

r6* 

e = 0. 10000000E+O1 
A4 = -0. 78520204E-03 
A6 = -0. 18852025E-04 
A8 = -0. 22264586E-06 



dll= 1.000 
dl2= 2.038 
dl3= 3.475 
dl4= 2.546 
dl5= 1.000 
dl6= 0.109 
dl7= 2.000 



(11) JP 2004-37926 A 2004.2.5 

N6 = 1.84666 v6 = 23.82 
7.101 - 13.534 

N7 = 1.52510 v7 = 56.38 

10 

1.749 - 0.500 

N8 = 1.48749 1/8 = 70.44 



N9 = 1.51680 v9 = 64.20 20 



30 



40 



A10= 0. 62844746E-08 
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rl3* 

e = 0. 10000000E-K)1 
A4 = 0. 12126439E-02 
A6 = 0. 68930495E-04 
A8 = -0. 29394404E-05 
A10= 0.46789735E-06 

rl4* 

£ = 0. 10000000E-KJ1 
A4 = -0. 16889906E-02 
A6 = 0.41032113E-04 
A8 = -0. 67973071E-05 
A10= 0. 22276351E-06 

f = 5. 8 - 11. 6 - 16. 7 
Fno. = 3. 60 - 3. 60 - 3. 66 

[ttUbffiMIH] 

rl* =-11.725 

dl = 1.200 

r2* = 13.872 

d2 = 1.410 

r3 = oo 

d3 = 7.000 

r4 = oo 

d4 = 22.033 • 

r5 = 6.671 



10 



20 



30 

Nl = 1.49310 vl = 83.58 



N2 = 1. 84666 v 2 = 23. 82 
8. 278 - 0. 600 40 



d5 = 2.562 N3 = 1.75450 1/3 •■ 
r6 = 35. 072 

d6 = 0.600 

r7 = oo 

d7 = 0. 600 

r8* = 18.236 

d8 = 0.800 N4 = 

r9* = 8.198 

d9 = 7. 034 - 16. 244 - 

rlO = 39.487 

dlO = 2.334 N5 = 

rll = -13.184 

dll = 3.125 - 7.669 - 

rl2 = 21.757 

dl2 = 0.800 N6 = 

rl3 = 9.428 

dl3 = 0.175 

rl4 = 10.828 

dl4 = 2.272 N7 = 

rl5* = -70. 639 

dl5 = 1.665 

rl6 = oo 

dl6 = 2.000 N8 = 

rl7 = oo 
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1.84666 
14.414 

1.49310 
17.177 

1.84666 



v4 = 23.82 



v5 = 83.58 



v6 = 23.82 



1.50467 v7 = 59.44 



1.51680 v8 = 64.20 



10 



20 



30 



rl* 

£ = 0.10000E+01 
A4 = 0.39770E-03 



40 



(14) 

A6 = 0.48251E-05 
A8 = -0. 13574E-06 
A10= 0.82447E-09 

r2* 

e = 0.10000E+01 
A4 = 0. 12088E-03 
A6 = 0.37656E-05 
A8 = 0.23199E-06 
A10= -0.73492E-08 

r8* 

£ = 0.10000E+01 
A4 = 0.53711E-03 
A6 = 0.22090E-04 
A8 = -0.48503E-05 
A10= 0.21033E-06 
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r9* 

£ ~ 

A4 = 
A6 = 
A8 = 
A10= 



0. 10000E+01 
0. 14617E-02 
0. 84785E-04 
-0.97230E-05 
0. 62378E-06 



rl5* 

e = 0.10000E+01 
A4 = O.U315E-02 
A6 = -0.58783B-04 
A8 = 0.63291E-05 
A10= -0.18581E-06 



f = 6. 0 - 12. 0 - 17. 3 
Fno.= 3.60 - 3.60 - 3.60 

mm^m enurum uuwou)] 



rl* =-72.486 
r2* = 8.054 
r3 = oo 
r4 = oo 
r5 = 6.766 
r6 = 17.430 



dl = 1. 200 
d2 = 2.476 



Nl = 1.49310 



[Ty^«(vd)] 
vl = 83.58 



d3 = 9.000 N2 = 1.84666 v2 = 23.82 

d4 = 21.244 - 4.060 - 0.600 

d5 = 2. 652 N3 = 1. 79719 v 3 = 45. 34 



10 



20 



30 



40 
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d6 = 1.000 
r7 = oo 

d7 = 0.686 

r8* = 93.830 

d8 = 0.800 N4 = 1.84666 v4 = 23.82 

r9* = 12.440 

d9 = 3.714 - 12.381 - 9.898 io 

rlO = 22.538 

dlO = 2.473 N5 = 1.49310 v5 = 83.58 

rll = -15.873 

dll = 1.500 - 9.644 - 21.642 

rl2 = -11.841 

dl2 = 0.800 N6 = 1.84666 v6 = 23.82 
rl3 = -27.408 20 
dl3 = 0.100 

rl4 = 16.037 

dl4 = 2.349 N7 = 1.72904 v7 = 52.47 

rl5* = -57.477 

dl5 = 6.683 - 7.055 - 1.000 

rl6 = 00 

dl6 = 2.000 N8 = 1.51680 v8 = 64.20 30 

rl7 = 00 
rl* 

e = 0.10000E+01 
A4 = -0. 24017E-05 

A6 = 0.29455E-05 40 
A8 = -0. 30412E-07 



A10= 0.12502E-10 
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r2* 

e = 0.10000E-KJ1 
A4 = -0. 18797E-03 
A6 = -0. 38877E-05 
A8 = 0.34374E-06 
A10= -0. 63589E-08 



r8* 

e = 0.10000E+01 
A4 = 0. 58124E-03 
A6 = 0.33012E-04 
A8 = -0.45331E-05 
A10= 0.17297E-06 



r9* 

e = 0.10000E+01 
A4 = 0. 13667E-02 
A6 = 0.79666E-04 

A8 = -0. 97230E-05 30 
A10= -0. 77035E-05 



rl5* 

e = 0.10000E-KJ1 
A4 = 0. 63869E-04 
A6 = -0. 71764E-04 
A8 = 0. 36999E-05 
A10= -0. 66315E-06 
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f = 5. 8 - 11. 6 - 16. 7 
Fno. = 3. 60 - 3. 60 - 3. 60 

nuflrniK] uatmwn cr**«(vd>] 

rl* =-14.542 
r2* = 12.397 
r3 = oo 
r4 = oo 



dl = 1.200 Nl = 1.49310 vl = 83.58 
d2 = 1.494 

d3 = 7. 000 N2 = 1. 84666 v 2 = 23. 82 



r6 = 48.781 
r7 = oo 
r8* = 25.723 
r9* = 10.714 
rlO = 42. 281 
rll = -13. 537 



10 



d4 = 22.039 - 8.570 - 0.600 
r5* = 7.238 20 
d5 = 2.651 N3 = 1.71300 v3 = 53.93 



d6 = 0. 677 

d7 = 0.600 - 0.931 - 1.000 

d8 = 0.805 N4 = 1.84666 1/4 = 23.82 30 

d9 = 6.475 - 16.205 - 14.774 

dlO = 2.322 N5 = 1.49310 v5 = 83.58 



dll = 4.243 - 7.651 - 16.983 
rl2 = 19.872 40 
dl2 = 0.800 N6 = 1.84666 1/6 = 23.82 



rl3 = 8.858 

dl3 

rl4 = 6. 329 

dl4 

rl5* = 16.784 

dl5 

rl6 = oo 

dl6 

rl7 = oo 
rl* 

e = 0.10000B+01 
A4 = 0.31440E-03 
A6 = 0.40741E-05 
A8 = -0.13254E-06 
A10= 0.88372E-09 

r2* 

e = 0.10000E+01 
A4 = -0. 14549E-03 
A6 = 0.90366E-05 
A8 = 0.23593E-06 
A10= -0.68590E-08 

r8* 

£ = 0.10000E+01 

A4 = 0. 60518E-03 

A6 = 0.22274E-04 
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0.100 

2.301 N7 = 1.48749 v7 = 70.44 
0.996 

10 

2.000 N8 = 1.51680 v2 = 64.20 



20 



30 



40 
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A8 = -0.54357E-05 
A10= 0.24817E-06 

r9* 

e = 0.10000E-KJ1 
A4 = 0.13444E-02 
A6 = 0. 68972E-04 
A8 = -0.94129E-05 
A10= -0. 53475E-06 

rl5* 

£ = 0.10000E-KJ1 
A4 = 0. 12639E-02 
A6 = -0. 11077E-04 
A8 = 0.48956E-05 
A10= -0. 16001E-06 

^I«lT*OiRi^ILt^5o 0 5 7bS0 8ti, (W) It S 5S M j£ Sg US W. f£ > (M) it 

tipmm&mMWM. (t) itmmm^mm^mic^^ zmi&m bkmirm^ 

s # j£ JR M * ^ftlRM, Y ' (mm) It tAMm? ±X- <D ( ft M 5> <D Eg iS^C *B ^ 

) } SSLT^S. s&ffiiKMEItcfcv-c, ( d ) d *t &c *t "T £ S iJX M > — j£0Ut 

c g ) it gmictt-? z>znww.m, -&mm (c) iicfitst59isiRM> (so 

tiiES^ft^iLTV^o #j6iRiSHlc:fe^T\ ti£*J! (dm) li^Jf^tyH^C^ 
^H5?^, H*£ (DS) t±^^^;Ht*0?^)Ri«:ilt^5o S /*c > ^ ft JR M 0 lc 43 v> 

[ 0 0 5 3 ] 
t #8 B£ © %i J& ] 

W±KWLft«t5t, «■ * SS »2 H © X' - A U > X % ic «fc n fcf . M 14 « T- ft fg ^ X - A U V 

ceii] m i (ommmrn cmmm d <du^ xm&m 0 
[02] m 2 ontiii&m cmmm2) oi/>xi*H. 
[03] m z (ommmm immmz) <d u > xm^m 0 

[04] fg 4 © * flflJE fig ( * )5S 00 4 ) ©U^XilSB. 

[05] nfliffiiioftiiejBdjftKflBToiRsia. 

[06] HS6^j2£D^KiS-S-^Vcft8T'£DJRM0o 

[07] ^SfiWl30jRlfiia-&Ji«ll8T?©lRIIH«, 

[08] ^Mi^!l4CD^PI)a-&^|«ST-cDlJXM0 = 

[09] *f|B^©Hi&^^-rfilJ?5c0o 

[ ffif * <d m W ] 

LPF : )tf Wn-/U7^;V^tfflit5 3 FlT¥fflI 

s r : mmm? 
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T L : X — A U y X % 

G r 1 : m 1 XmG r 1 

G r 2 : S2 U^XSfG r 2 

P R : rtlSlty'JXA 

ST 



[El 1 ] [0 3] 




[05] 



(22) 

[ EI 6 ] 
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FND-2.24 

V 



V-3.3 

\ 
1 



sc 



i 
i 

/ DM 

— DS 



-©.2 0.2 -0.2 o.a 

FNO-2.9B V-3.3 



-10.0 10.0 
£ ffl % 



~~9 

SC 



DM 

DS 



-0.2 0.2 -4.2 0.2 

FNO-4.10 Y-3.3 

ft/ W 



-10.0 10 .0 

m ft % 

V-3.3 



DM 

DS 



O.Z 0.2 



■0.2 0.2 



-10.0 10.0 

1 ffl % 



. V 



I = 



DM 

OS 



-0.2 0.2 -0.2 0.2 

FNO-3.60 V-3.3 



-10.0 jo.o 
& % 
V-3.3 . 



-d 

-g 

-sc 



DM 
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// HO 4 N 10K00 H0 4N 101 :00 

02mmm 5*1 sis 

F * — 2H083 AA09 AA26 

2H087 KA01 PA06 PA17 PA18 PB06 PB07 QA02 QA06 QA07 QA17 

QA19 QA21 QA22 QA25 QA32 QA34 QA37 QA39 QA41 QA42 

QA45 QA46 RA05 RA12 RA13 RA36 RA41 RA42 RA43 SA24 

SA25 SA28 SA31 SA44 SA45 SA48 SA51 SA54 SA72 SB02 

SB04 SB12 SB13 SB22 SB32 SB33 SB43 

5C022 AA13 AB66 AC42 AC54 AC55 



